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PREFACE 

The Kellett Aircraft Corporation, with the 
sponsorship of the U. S. Army Transportation Research 
Conomand, Fort Eustis, Virginia, has conducted a research 
program under Contract No. DA 44-177-TC-Ö43 to evaluate a 
helicopter-fuselage-moünted static electricity discharging 
system.  The principal investigator has been Mr. Juan de la 
Cierva and the cognizant TRECOM project officer was 
Mr. S. Blair Poteate, Jr. 

This research conducted from January to July 
1962, was the continuation of successful research of 
helicopter static electricity discharging systems con- 
ducted under Contract No. DA 44-177-TC-728 from June to 
December 1961 under sponsorship of the U. S. Army Trans- 
portation Research Command. 

Flight tests were conducted by the Army Aviation 
Office at Edwards Air Force Base, California, during April 
and May 1962. 

The cooperation of the Army aviation personnel 
pursuant to the coop let ion of this program and the 
assistance of the Thompson-Ramo-Wooldridgt Corporation 
in providing a DC generator are hereby acknowledged. 
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SUMMARY 

A   static   electricity   discharging   system,   Known   as 
the   dynamic   neutralizer,   has   been   designed,   built   ana   llighD- 
tested,   and   the   results   are   presented   herein.      The   dynamic 
neutralizer   had   been   previously   tested   in   a   rotor-blade- 
mounted  version   as   reported   in   Reference   1,     The   program 
discussed   in   the   present   report   was   concerned  with   the   eval- 
uation  of   this   discharger  when   installed   in   the   fuselage   of 
an  Army  H-37   helicopter. 

The   test   data  confirm  that   the   principle   of 
operation   of   the   dynamic  neutralizer   is   not   affected   by 
locating  the  entire  device   in   the   fuselage. 

The   dynamic   neutralizer   utilized   in   this   program 
was   tested  with  generator voltages   up   to   60  kilovolts. 
With   this  voltage,   the   H-37   helicopter,   operating  under   the 
natural  charging   conditions   prevailing  at   the   test   site, 

operational  purposes.      It   is   reconmended,   therefore,   that 
further   research   be  conducted   toward   achieving  the   required 
performance. 

Several   problems  arose   in   the   electrical   operation 
used   for  these   tests.   However,   data   in   sufficient   quantity 
have  been  obtained   for   the  purpose  of  evaluating  the   system 
capabilities  and   the  performance  of   corona  points. 



CONCLUSIONS 

The   evaluation  of   the   data   obtained   in   this   program 
resulted   in   the   following   conclusions: 

i.      The   dynamic   neutralizer   static   electricity  dis- 
charging  system,   in   the  configuration   tested   in   the   present 

2. The   performance  of   the  discharging  device   used 
for   this   program  could  be   improved  by   increasing   the   corona 
point   length   in  the   tail-mounted   corona  point   configuration. 
An  extrapolation  of  the  data   indicates   that   the   dynamic 
neutralizer,   oferating at   80  kilovolts  and  using   5-foot-long 
tail-mounted   points,  would   decrease   the  electrostatic   level 
on  the  helicopter   to  0.35  millijoule   with a   2-4  microampere 
charging  condition. 

3. The   dynamic   neutralizer provides   a   method   of 
sensing  the   presence  of  electrostatic charge  on   the  aircraft, 
by measuring   the  differential  current flowing  through  the 
two  high-voltage  corona  points   of   the device. 

4. A  high-voltage  corona  point  operating  at 
voltages  of  60  kilovolts,   and   installed  24   inches  aft   of   the 
exhaust   nozzle  of  an  H-37  engine,   can  generate  a   discharging 
current   up  to   29 microamperes. 

3.      Information  has   come   to  the  attention   of   this 
Contractor  during  the performance  of   this  contract   that 
natural  charging currents  up  to  30 microamperes   have  been 
measured   in  certain   geographic   areas   of  operational   interest 
for   large  helicopters.     In  addition,   natural  charging  currents 
up  to  22  microamperes  have   been  measured with   the  H-37   helicop- 
ter operating   below   ten  feet  at   Edwards  Air  Force   Base,   whereas 
at   higher  altitudes   (23   feet)   the  natural  charging  current 
reaches   only   2   to  4  microamperes.     The  dust  and   sand   recircu- 
lation  through   the   rotor  disc  at   lower  altitudes   seems   to 
account   for   the  resultant   increased  natural  charging  currenL. 

These   facts,   in   conjunction with   the   results  of 
the measurements   performed   on   the   fuselage-mounted  dynamic 
neutralizer,   leads   to  the  conclusion   that   the  discharging  con- 



figuration   tested,    in  a   fuselage-mounted  version,   will   not 
provide   complete   protection   from  electrostatic   charge   under 
all   conditions   rhat   will   be   encountered  with   helicopter 
operat ions. 

6.      Further   research   is   required   to  obtain   a   dis- 
charging   system  commensurate  with   anticipated   operational 
needs. 



I.      INTRODUCTION' 

Experience   has   shown   that   the  accumulation  of   static 
electricity   seriously  affects   the  operational   capabilities   of 
helicopters.     The   topic   of   electrostatic   discharging  has   become 
therefore,   of   increased   interest   in   recent   years.     This 
interest   was   furthered   by   the   LT.   S.   Army   Transportation 
Research   Conxnand  which   has   sponsored   a   number   of   research 
programs   designed   to   increase   the   knowledge   of   electrostatic 
charging   and   discharging  phenomena.     The   results   of  one   of 
these   programs   is   reported   in   Reference   1.      The   research  of 
Reference   1   concerned   the   design  and   flight   test   of  a   rotor- 
blade-mounted   discharger   which   successfully   reduced   the 
electrostatic   energy  accurnu lat ing   in  an  H-37   helicopter   to 
an   acceptable   level.     These   tests  were   performed   at   Edwards 
Air  Force   Base,   California,   under  natural   charging  current 
in   the   range   of   2  microamperes.     The  discharger,   called 
the  dynamic   neutralize!,   utilized  active   corona   points 
mounted   on   tht   rotor   blades   together  with   two   20-k.ilovolt 
EC  generators. 

Because   of  a   number   of  practical   reasons,   it   was 
considered   desirable   to   locate   the  entire   discharging  system 
in   the   helicopter   fuselage.     The   U.   S.   Army  TRECOM,   there- 
fore,   sponsored  a   follow-on   program with   the   objective   of 
evaluating   the   feasibility   and   performance   of   a   fuselage- 
mounted   dynamic   neutralizer.     The  present   report   presents 
the   results   of  this   latter   program. 



II.      DISCUSSION  OF   THE   PROBLEM 

A. INTRODUCTION 

The   program  described   herein   consists   of   the   design 
and   test   of   a   static   electricity   discharger   known   as   the 
dynamic   neutralizer.      Figure   1   is   a   photograph   of   the   test 
aircraft   parked   on   the   ramp   at   Edwards  Air   Force   Base   and 
Figure   2   shows   the  aircraft   during   one   of   the   test   flights. 

A   similar   device   installed   in   the   rotor   blades   of 
the   same   type   of   aircraft   was   tested   previously   as   reported 
in   Reference   1.      The  principle   of   operation   of   the   dynamic 
neutralizer   is   described   in   detail   in  Reference   1   and,   hence, 
need   not   be   repeated   here. 

The   data   presented   in   Reference   1   indicated   thai 
the   performance   of   the   dynamic   neutralizer   is   highly   depen- 
dent   on   the   air   flow around   the   corona  points.      It   was 
realized   that   the   placing  of   corona   points   at   any   location 
on   the   fuselage  would   result   in   substantially   reduced 
velocities   compared  to   those   obtainable with   rotor-blade- 
raounted   probes.      It  was   anticipated   that   the   resulting 
performance   decrease  of   the   discharger  could   be   compensated 
for   by   a   suitable   increase   of   generator  voltages.      Since  no 
adequate   theory   existed  on   the   effect   of   air   velocity, 
generator   voltage  and  other   pertinent   parameters   on   the  per- 
formance   of   the   discharger,   certain   assumptions   had   to  be 
made   for   the   determination   of   the  design  magnitudes.     These 
assumptions   are   discussed   subsequently   in  more   detail. 

B. PROGRAM  OBJECTIVES 

The objectives of this program were twofold: 

1. To design, build and test a fuselage-mounted 
system to discharge an H-37 helicopter, generating a 
natural charging current of 20 microamperes, to an energy 
level below 1 millijoule.  This energy level is considered 
to be satisfactory in accordance with References 1 and 3. 

2, To obtain adequate test data to evaluate the 
iirportance of several design parameters on the performance 
of the dynamic neutralizer and its components. 

The parameters investigated were: 







1. Corona  point   location 
2. Corona  point   length 
3. Generator voltage. 

To achieve  the  test  objectives,   twelve  different 
corona point  probe  configurations  were   investigated.     These 
configurations  consisted of  four   locations  and  three  probe 
lengths  for each   location. 

Figure 3 illustrates the location of the probes 
in the test aircraft. The following reasons dictated the 
selection  of  the   four  chosen   locations: 

1. Nose  Location 

The  possibility of  studying  the  interaction 
between corona  points was  the principal  argument   favoring 
this  configuration.     The nose   location  satisfied  the 
additional  requirement  of being symnetrical with respect 
to  the aircraft  geometry. 

2. Engine  Cowling Location 

This  configuration   should  provide a minimum 
of  interference  between  both corona  points,  due  to   zhe 
large distance between  them,  while  at   the  same  time 
satisfying the  requirement of being  beyond  the  reach  of 
ground personnel. 

3. Tall  Location 

This   location was  chost.n  because   it   lies   in  a 
region of high rotor downwash air  speed.     This air  speed was 
on  the order of   100-200  feet  per  second  as  estimated   in 
Reference  2. 

A.     Engine  Exhaust  Location 

The  objective  in  choosing  this   location  was   to 
utilize  the exhaust  gas  speed to  increase  the corona  point 
performance.     No  exact  data on  the  actual  gas  speed on   the 
corona point was  obtained,  but  this   speed  is  estimated   to 
be   in  the  range  between   100 and  300   feet  per  second depending 
on  the distance  of  the  probe aft  of  the  exhaust  nozzle. 

It  should  be noted  that  all  of  these   locations 
satisfied  the  requirement  of being beyond  the reach of  ground 
personnel. 

8 
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Figures 4 and 3 are photographs of the tail and 
engine exhaust corona point installations, respectively. 
Figure 4 shows the 3-foot long corona point, while Figure 5 
shows the point installed 4 feet aft of tho  e:haust nozzle. 

The range of corona point length chosen for this 
program was between 2 and 4 feet.  Sparking between the 
point and the helicopter fuselage dictated the lower limit 
of this raiife^, whereas the upper limit was chosen because 
of practical corona point size considerations. 

In order to determine the effect of the corona 
point operating voltage on the performance of the discharging 
system, the high-voltage generator was designed with provisions 
to adjust its output voltages between 20 and bO kilovolta. 
The design of the units, which will be described in the next 
section of this report, was such that any voltage change 
affected simultaneously both high-voltage outputs.  In this 
manner, the balance of the dynamic neutralizer was automati- 
cally maintained through the operative range of the instrument. 

The importance of the previously mentioned param- 
eters on the system performance was evaluated in terms of the 
energy level remaining in the aircraft for a given discharger 
configuration.  The energy is measured according to: 

where 

W - ^CV2 (1) 

W is the helicopter-stored electrostatic energy, 
in Joules 

C is the helicopter capacitance, in farads 

V is the helicopter-to-ground voltage, in volts. 

The energy stored in the helicopter is a quantity 
that is difficult to measure.  But as noted from Equation 
(1), the energy level for a given capacitance can also be 
determined by the voltage remaining in the aircraft.  The 
data of Reference 1 show that an H-37 helicopter hovering 
at 23 feet has a capacitance of approximately 670 micro-micro 
farads.  It follows from Equation (1) that the voltage 
corresponding to 1 millijoule of stored energy is equal to 
1643 volts.  This voltage, therefore, was considered to be 
the maximum satisfactory level of helicopter-to-ground 
potential. 

10 







During the flight test program, considerable atten- 
tion was given to the measurement of the performance (current 
vs. voltage) of corona points. One reason for this attent . )n 
wab   the   fact   that   the   performance   of   the   dynamic   neutrali/   : 

discharging   capability   of   50  microamperes   or   higher.      Hence, 
the   investigation   of   corona   point   performance  was   by   itself 
considered   of   great   importance   for   future   static   discharger 
research. 

C.  TEST EQUIPMENT 

1.  Dynamic Neutralizer 

The results of the test data presented in 
Reference 1 showed that the performance of the corona points 
is dependent on two major factors: 

a. Local air speed 
b. Generator voltage. 

In addition, the performance of the dynamic 
neutralizer system ie effected by the electrostatic field 
created by the cha'gc. aircraft in the vicinity of the corona 
point as well as by  je natural charging current. 

As pointed out previously, the locating of the 
corona points on the fuselage results in a reduction of air 
speed.  In addition, the level of natural charging current 
that was to be eliminated was specified as 20 microamperes. 
To compensate for the resulting corona point performance, 
the generator voltage was to be increased and the points were 
to be located in a lower aircraft electrostatic field.  Since 
no theory was available for determining the required design 
magnitude of the generator voltage, the assumption was made 
that all parameters affect the performance of the dynamic 
neutralizer in a linear manner.  The generator voltage mag- 
nitude was approached as shown below: 

13 



Ref.   1 Design Voltage   Design 
Value Value Factor 

400 130 2.67 

1 4 0.25 

2 20 10.00 

0.50   (Estimaied) 

Parameter 

Air Speed (ft./sec.) 

Corona Point (ft.) 

Natural Charging 
Current (microamperes) 

Aircraft Field 

The required voltage was obtained by multiplying 
the voltage used in Reference 1 (20 kilovolts) by the 
resulting voltage design factor.  The voltage design tactor, 
V.D.F., is given by 

V.D.F, - (2.67)(0.25)(l0.ü)(0.3) - 3.34 

Consequently tne required voltage for the generators used in 
this program was 66.Ö kilovolts.  Actually, a design value 
of 80 kilovolts was chosen. 

Construction of the dynamic neutralizer is in 
accordance with Figure 6, an electrical schematic diagram 
of the dynamic neutralizer.  In addition, spare parts of 
the discharging unit were procured and assembled as a spare 
unit.  The primary circuit is a standard saturated transformer- 
type transistorized oscillator, designed to operate at 24-28 
volts, DC input.  The secondary winding of the transformer 
was designed to supply a maximum peak voltage of 40 kilovolts. 
The transformer output was fed into two-voltage-doubling cir- 
cuits connected with opposite polarity, giving an 80-kilovolt 
maximum DC output at 130 microamperes. 

The design of the high-voltage units has the 
following characteristics: 

a.  The positive and negative outputs are identical 
by design, due to the fact that both are powered by the same 
AC source.  The load resistance is chosen in such a manner 
that the reverse leakage current in the rectifying elements 
is at least one order of magnitude lower than the load current, 
thus insuring identical voltages in both positive and negative 
outputs. 

14 
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b. The output voltage can be adjusted betveen 20 
and 80 kilovolts by use ol a variable resistor located in the 
conroon path of the transistor feedback current.  The power 
requirements of the control potentiometer are sufficiently 
low to permit the use of a simple and inexpensive component 
to perform the control function. 

c. The design of the secondary circuit is such 
that one of the sides of the high-voltage winding of the 
transformer is very close to ground potential.  In this 
manner, the isolation requirements imposed on the transformer 
high-vcltage winding are very moderate in the low-voltage 
side of the coil, thus simplifying the manufacture of the 
hi.gh-voltage transformer. 

Both the high-voltage transformer and the complete 
voltage doubling circuits were encapsulated in transparent 
silicon rubber.  The encapsulating agent used was the 
General Electric LTV-602 Clear Silicon Potting Compound. 
The dielectric strength of this material is 75 kilovolts 
per one tenth of an inch (ASTM Method D-176, 60 cycle, 
1000 v/sec. rise, 0.5" spherical electrode), and this figure 
was used for the design of the unit together with a suitable 
safety factor. 

The operation of the high-voltage generators during 
rogram was far from satisfactory.  A continued 

The reason for the insulation breakdown is not 
fully understood at this time.  One explanation of this 
phenomenon appears to be the following: 

Due to the low mechanical rigidity of the potting 
compound, together with the relatively high vibration level 
at which the unit was operated, a thin layer of air could 
form around the encapsulated components.  This would happen 
If the components are not properly bonded to the potting com- 
pound.  The resultant gas jacket would provide a path to 
Initiate a spark, and the ozone and subsequent high-voltage 
transients would complete the circuit failure.  The fact that 
the units were laboratory tested at full rating, and after- 
wards the maximum attainable voltage had to be reduced as the 
testing progressed, appears to support the preceding hypothesis 
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Channel C    This channel was used in two different modes: 

a. Natural charging current recording, and 

b. Differential current between the positive 
and the negative high-voltage generators. 

A switch on the control panel together with 
a high-voltage terminal interconnecting 
network were used to permit the test circuit 
to record in either mode. 

To read natural charging current, the DIF-NC 
switch was thrown to NC (natural charging) and 
the following high voltage connections were 
made on the interconnecting network: 

D  lead to H  lead 
C  lead to C  lead 
Gl lead to HI lead, temporarily, as shovn in 
Section D, "Experimental Procedure1 .M 

In this manner, the aircraft natural charging 
current was being released to ground through 
the Ml microanmeter and the Rl resistor.  The 
voltage drop at Rl was the input signal of the 
Channel C recording amplifier.  When the dynamic 
neutralizer was turned on, Channel C was used to 
record the discharger differential current.  The 
DIF-NC switch was turned to DIF (differential 
current) and the following connections were made 
in the Interconnecting network: 

D  lead to G  lead 
C  lead to H  lead 
Gl lead to HI lead, temporarily, as shown in 
Section D, "Experimental Procedure".  In this 
manner, the difference between the currents on 
the positive and negative generators was flowing 
through the microanmeter Ml and the resistor, Rl, 
and the voltage drop across Rl was used as the 
input of the Channel C recording amplifier. 

Channel D    Helicopter voltage. 

Leads Gl and HI, connected respectively to the 
drop line (ground) and the helicopter, were 
used to short-circuit the aircraft to ground 
when desired.  In addition, these leads were 
used to limit the maximum aircraft voltage 
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during  the  testing  and  to  provide  protection 
to   the   dividing head   of   the  high-voltage 
electrometer.     Figure   11   describes   the   con- 
struction  of  the  high-voltage  connector  and 
shows   how the  air   gap  between   the   terminals 
was   adjustable,   providing  ..   spark  path  when 
the  aircraft  voltage  exceeded  the  dielectric 
strength of  the air   betwetn  the  electrodes. 
This   device was   found   to   bi very  effective   and 
simple   to operate   throughout  the  program, 

3. Test   Probes 

Three   (3)   corona  point   lengths  were  used;      24, 
36   and  48   inches,   respectively.   Reference Appendix   I,     The 
design  of  the  nose-,   tail-  and  engine-cowling-mounted  corona 
points was   such   that   the  plastic   insulating booms  were   inter- 
changeable.     The  design  of  the  engine  exhaust   point   is 
different   due   to   the   temperature  of  the  engine  exhaust   gases 
and   the  effect   of  the  carbon  deposits   on  the   insulation  of 
the   probe.     This   corona  point  was   designed  to withstand   tem- 
peratures   up  to   1200°   Fahrenheit. 

It   should be  noted   that  during  the   flight   test 
program,   a very  noticeable  amount   of  exhaust   product   deposits 
was   formed on   the main  strut  of   the   supporting  structure  of 
the  exhaust  corona point.     However,   the   insulation  character- 
istics  of  the   structure were  not   affected by  this  contaminating 
deposit.     A resistance  insulation  better  than   10^  ohms  at 
50  kilovolts was   measured  for  this   contaminated   structure. 

4. Test  Wire 

High voltage wiring was   Installed   in   the   heli- 
copter airframe   to connect   the dischargers with  the   corona 
points.     The wire  used was  nonshielded  and was  rated  at   60 
kilovolts  DC.     The wire was  the  Birnbach Radio  Co.,   Inc., 
Catalog No.   7449.     No   failures were  experienced  on   the  high- 
vrlr.age wiring.      However,   it  was   determined  that   a  high   level 
of   static  noise  was  generated  by   static   charge  accumulation 
and   release   in   the  external   surface   of   the wire   insulation. 

D.      EXPERIMENTAL  PROCEDURE 

1.     Corona  Point  Performance  Measurement 

The  measurement   of   the  corona  point  performance 
was   accomplished   using  the  circuits   of  Figures   8  and   9.     No 
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TABLE 2 

Corona 
Point 
Config- 
urat ion 
Code 

CORONA POINT PhRFOKMANCK 

HOVERING FLIGHT, 23 FT. ALTITUDE 

(See Figures 8 & 9 for Not at ion,Current in Microamperes) 

LE2 

RE2 

LE3 

RE3 

LE4 

RE4 

LT2 

Measurec Data Derived Data 

In IL-  -KV h It ^cp» 
h-lL 

^p- 
-In+1 g 

IR- 
It+In-Ig-IL 

Eq.O) Eq.(5) Eq. (2)   or   (4) 

^-2 
+ 2 
+ 2 
-»■2 
-»-2 

-25 
-30 
-40 
-50 
-60 

- 7 
- 8. 
-17 
-21. 
-27 

5 

5 

-35 

-60 

-10 

-20 

-   9 
-10. 
-19 
-23. 
-29 

5 

5 

-1 

-1 

+ 2 
+ 2 
+ 2 

-30 
-50 
-60 

-   9. 
-21. 
-26 

5 
5 

-11. 
-23. 
-28 

5 
5 - 

+ 2 
+ 2 
-♦-2 

-30 
-50 
-60 

-   7 
-19 
-23 

- -   9 
-21 
-25 

- 

-»-2 
+ 2 
-»-2 

-30 
-50 
-60 

-   7 
-18 
-21. 5 

- 

' 

-   9 
-20 
-23. 5 

- 

-•-2 
+ 2 
+ 2 
-»-2 

-24 
-30 
-50 
-60 

- 5 
- 6 
-15 
-17 

-31 -   7 - 7 
- 8 
-17 
-19 

0 

^2 
+ 2 
+2 

-30 
-50 
-60 

-   6 
-15 
-18 

— - -   8 
-17 
-2Ü 

- 

-»-2 
+ 2 
-»-2 

-30 
-50 
-60 

-   6 
16 

-21 

- -   8 
-18 
-23 

- 
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TABLh   2   (CONTINUKD) 

Corona 
Point 
Config- 
urat ion 
Code 

(See   Figures   8   61   9   for   Notat ion, Current    in   Microamperes) 

n 

Measured   D.ua 

IL.-KV 

RT2 + 2 -30 
+ 2 -50 
+ 2 -60 

LT3 + 2 -22 
-»-2 -30 
+ 2 -30 
+ 2 -60 

RT3 ■f? -22 
+2 -30 
+ 2 -50 
+2 -60 

LT4 +2 -26 
+ 2 -30 
-»-2 -40 
+2 -50 
+2 -60 

RT4 + 2 -26 
+ 2 -30 
+ 2 -40 
+ 2 -50 
+ 2 -60 

LN4 +2 -26 

RN4 +2 -26 

LC4 + 2 -26 
+ 2 -30 
+ 2 -50 

Derived   Data 

3 

lt 
TCPT It-IL in 
Eq.(3) Kq. 

-   9 _ - -11 
-   7 - - -19 
-22 - - -24 

-   6 -30 -   8 -   8 
-   7 - - -   9 
-14 - - -16 
-21 - - -23 

-   5 -30 -   3 -   7 
-   8 - - -10 
-18 - - -20 
-23 - - -25 

-   7 -jl -11 -   9 
-   6 - - -   8 
-15 -58 -18 -17 
-lb - - - 17 
-20 - - -22 

-   5 -33 -   7 -   7 
-   8 - - -10 
-13 -55 -15 -15 
-15 - -17 
-22 - - -24 

0 -28 -   2 -   2 

0 -28 -   2 -   2 

-  1 -29 -   3 -   3 
-   2 - - -     <4 

-   5 - - -   7 

g 
Kq    (2)   or   (4) 

-    1 

RC4 +2 -26 -29 -    3 -   3 

- 2 

- 1 

0 

0 

0 

0 

0 

0 
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The operating voltage of the Kel lett-built 
generator was measured by using the load current reading 1^ 
The load resistance was a lO^-ohms precision {2X)   resistor. 
Hence, the voltage-to-current ratio in this load was one 
kilovolt per microampere.  In this manner, the voltage in 
kllovolts on the generator was equal to the load current, 
expressed in microamperes. 

2.  Dynamic Neutralizer Performance Measurements 

PL VJL C(_ L CU      LUC     VU iUUIB L et       XU^UL     L.'i. I L U i. L      1. t Ulli     VUlLflgCd      CALCCUX 

its   maximum rated value.      Simultaneously,   with  the  aircraft 
voltage,   the differential  current   flowing  through  the  dis- 
charging  unit was  also   recorded.     This   record was made   in 
order   to  provide a  redundant  check of  the  operation  of  the 
instrumentation,   because   the  differential  current must   be 
equal   to   the natural  charging current   (recorded  prior  to 
each  dynamic neutralizer  test  run)  once   the  aircraft  voltage 
reaches  a  steady  state  value. 

Figure   13  shows  a typical  record  of  the  per- 
formance  of the dynamic  neutralizer.     As   indicated  in   the 
record,   the aircraft  was   first grounded  by  connecting  the 
terminals,   Gl   and  HI   (see  electrical  diagram  in  Figure   II). 
This,   together with  the  closing of  the  switch,   SI,   protected 
the  microammeter,   Ml,   and  amplifier  input   circuits  against 
the   high-voltage  transient  originated at   the   instant  at 
which   the  drop   line   touched   the ground   tcrget. 

The natural  charging  current  was   first   recorded 
i obtaining  records  as   shown   in  Figure   12.     Then   the aircraft 

was   grounded again  by  Joining  the  connectors,   Gl   to  HI,   the 
DIF-NC  switch was   turned   to  DIF,   and  the   dynamic  neutralizer 
was   left   OFF  for   some   time   after  the  restart   of  the  recorder. 
Under   these  conditions   (grounded aircraft   and  discharger OFF), 
the   zero  of  the  two  channels,   C and  D,   was   clearly established 
on  the  records.     Then,   with  the discharger   still OFF,   the  air- 
craft   was   ungrounded  by   opening Gl   from HI.     As   shown   in   the 
sample  record   (Figure   13),   the  aircraft   voltage  started  rising 
immediately,  until  a  value  determined  by   the  GI-H1 air  gap 
dielectric   strength.     At   this  value,   a  spark was  produced   in 
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the gap, and a ma 
charge was releas 
the aircraft volt 
experiencing seve 
turned ON. Now t 
an equilibrium vo 
At the same time, 
flowing through t 
stantially equal 
the first part of 

jor portion of the aircraft accunrulate^ 
ed to ground through the spark, bringing 
age down to a few thousand volts.  After 
ral sparks, the dynamic neutralizer was 
he aircraft voltage rose more slowly, and 
Itage was reached after a number of seconds. 
Channel C recorded the differential current 

he unit. This differential current was sub- 
to the natural charging current recorded in 
the test. 

In addition to these records, readings were 
made both in the natural charging - differential current 
microanmeter and in the high-voltage electrometer.  In some 
tests, and due to operational problems, time records were 
omitted and only microarnneter readings were recorded.  It 
should be noted that excellent agreement was found between 
oscillograph records and the microanmeter readings made 
throughout the test program. 

E.  EVALUATION OF THE TEST DATA 

1.  Data Presentation 

Tables 2 through 5 and Figures 14 through 19 
present the results of the measurements performed during this 
test program.  In order to identify the corona point con- 
figuration used in each test, a coded designation has been 
assigned to each configuration.  The code consists of two 
letters and a digit.  The following char*: explains the code. 

Configuration Code - EXAMPLE 

First Letter 

R. Right Hand 
Side Probe 
(aircraft 
starboard) 

L. Left Hand 
Side Probe 
(aircraft 
port) 

R T  3 

Second  Letter 
T Tail Probe 
E  Exhaust  Probe 
C  Cowling Probe 
N  Nose  Probe 

Digit 

4. 4* long corona point 

3. 3' long corona point 

2. 2' long corona point 

Refer to Appendix I to 
detailed drawings of 
corona point probes. 
Refer to Figure 3 to 
obtain detailed loca- 
tions of probes. 
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TABLE   3 

CORONA   POINT   PERFORMANCE   MEASUREMENT-i 

RAMP  TESTS   (In   -   0) 

Corona See F igure y for Syml bol s 
Point C urrent in Mi .croamperes 
Config- Measured Data Derive »d Data 
urat ion IL-KV ^"^P h ^cp IR 
Code 

-If IL -IflL- h 
Eq.(5) Eq.(3) Eq.  (4) 

KTi 2b .8 30 A J.2 
Wind approximately 

LT3 2b i 30 4 3 
20 knots from 

RN4 2b .4 30 4 3.6 
43° relative 

LN4 2b 1.5 31 J 3.3 
bearing. 

RC4 2b 1.8 31 3 3.2 

LC4 2b 3 31 3 2 

LEA 2b .8 30 4 3.8 

RT4 23 3.5 30 3 1.5 

RT4 40 4.5 48 8 3.5 
Wind approximatelv 

KT4 4b 3 - - - 

12 to 20 knots, 
LT4 2b 2.5 31 3 2.5 

10° relative 
LT4 40 4 48 8 4 

bearing. 
LT4 47 3 - - - 

LE2 25 1.7 30 3 3.3 

LE2 40 4.5 48 8 3.5 

I.F2 4b 3 _ «. _ 
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TABLE   4 

CORONA   POINT   PERFORMANCE   MEASUREMENTS 

MEASUREMENTS   INSIDE  THE   HANGAR 

AT ZERO AIR SPEED 
(In - 0) 

Corona Po 
Configura 
Code 

int 
tion 

See Figure 
Current in 

IL-KV 

RT3 +25 

LT3 -25 

RN4 -25 

LN4 -1-25 

LC4 +25 

LC4 + 10 

LC4 +20 

LC4 +26 

Portable,   Conf.  A 
(See   below) 

Portable, Conf. B 
(See below) 

+26 

Portable, Conf. C +26 

Idp-Ig 
Eq.(37 

+   .5 

-   .5 

-1 

+ 1 

+ 1 

Not   readable 

+   .25 

+ 1.5 

+ 1 

Not   readable 

+6 
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TABLE   5 

DYNAMIC   NEUTRALIZER   PERFORMANCE   MEASUREMENTS 

Date Probe       Natural Generator       Helicopter 
Code Charge, Voltage, Voltage, 

Microamperes       Kilovolts       Kilovolts 

5/11/62 T3 4-5 Uo 10 

5/17/62 T4 4-5 t40 
i 

Ö- .0 
Kellett 

5/17/62 T4 4-5 t46 6-10 
Unit 

5/18/62 T4 4 -40,-»-44 5-7 

5/1Ö/62 T4 4 -22,-»-26 6.5-9 

5/25/b2 T4 2 50 +5 

5/25/62 T4 2 60 -»-3 

5/25/62 E-2 2 50 -»-4,-»-6 

5/25/62 E-2 2 60 +7,+10 
Spellman 

5/25/62 T3 2 50 +6,+6.5 
NJE 

;/25/62 T3 2 60 +3. 5,-»-4 
Combina- 

3/25/62 E-3 2 50 +5 
tion 

3/25/62 E-3 2 60 +3,+3.2 

5/23/62 T2 3 50 -»-8,+10 

5/23/62 T2 3 60 +3,-3 

5/25/62 E-4 3 50 -»-6.-1-6. 5 

5/25/62 E-4 3 60 -»-3,4-4 
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^•  Corona Point Performance 

Table 2 shows the results ot the corona point 
perform*» ce measurements in hovering flight at 23 feet.  A^ 
seen fro.n Table 2, the natural charging current was 2 micro- 
amperes during all tests.  The load current, II, was varied 
up to an equivalent generator voltage of 60 kilovolts and 
readings were made, for the various corone point configura- 
tions, of the helicopter-to-ground current, Ig, and the total 
generator current, It.  The derived corona point discharging 
current, Idpt data is plotted for the exhaust probes in 
Figure 14 and for the tail-mounted probes In Figure 15.  Some 
data have also been obtained with the corona points mounted 
on the nose and cowling, and these data are also shown on 
Figure 15.  As noted, the performance of the nose- and cowl- 
mounted probes was greatly Inferior to that of the other probes; 
hence, the major part of the testing was concerned with the 
tail and exhaust probes.  The limited performance of the nose 
and cowl probes is attributed to the lower air speed at these 
locatIons. 

The data shown in Figure 15 also indicate  that 
the performance of the tail-mounted probes is not affected in 
ci consistent manner by the probe length.  On the other hand, 
as seen in Figure 14, the performance of the exhaust probes 
is clearly affected by probe length.  The performance of all 
probes tested increases almost linearly with generator voltage. 
The effect of air speed is clearly shown in Figure 14 since 
an Increase of corona point length implies a decrease of the 
exhaust gas speed due to the stream expansion. 

The corona point that resulted in the highest 
performance is the 2-foot-long exhaust- mounted point.  For 
this point, a current of 29 microamperes at 60 kilovolts was 
recorded. 

Table 3 presents the corona point performance 
data obtained for the tests on the ramp, and Table 4 presents 
the data obtained in the hangar.  These tests indicated that 
the data presented in Figure 13 of Reference 1 are incorrect 
in the low speed range.  The corrected variation of corona 
point performance with air speed is presented in Figure 16. 
It is noted that the corona point current is practically 
zero for zero air speed. 

It may be noted from Table 3 that the current 
output of geometrically symnetric probes is not identical for 
the tests performed on the ramp.  In particular, it is seen 
from the data that the current flowing from the probes mounted 
on the port side of the aircraft exceeds that flowing from 
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3.     Dynamic   Ncutralizer   rcrfornuincc 

Table   5   gives   the  results   of   the measurements   of 
the  dynamic  neutralizer  performance   in   a   chronological   order. 

The   performance  of  the   dynamic  neutralizer  using 
exhaust  and  tail  corona  points   is   shown   in   Figure   17   as   a 
plot   of  the  helicopter voltage  against   the  corona  point   length, 
using as   fixed  parameters   the  generator  voltage  and  the  corona 
point   configuration.     Figure   17   includes   three  extrapolated 
points  which will   be   discussed   subsequently. 

Figure   18   is  a  different   presentation   of  the 
data  of Table   5,   where   the  helicopter  voltage   is  plotted 
against   the  generator  voltage,   using  the  corona  point   con- 
figuration  as  ccnstant   parameter.      In  addition,   the  points 
extrapolated   in  Figure   17  have  also  been   presented  in   Figure 
18.     A   further  extrapolation  has  been   performed  up  to  a  gen- 
erator  voltage  of  80  kilovolts. 

Figure   19  is  a  plot   of  the  dynamic  neutralizer 
voltage  output  versus  voltage   input   for   two  different   feedback 
resistance  values.     The  data   in  Figure   19 were  obtained  during 
the   laboratory   testing  of  the  unit.     This   figure   is   included 
herein   to  provide   data  concerning  the   power  requirements   of 
an   eventual  operational  dynamic  neutralizer  electrostatic   dis- 
charging  system. 

An  evaluation of  these   test  data  on  the  perfor- 
mance  of the dynamic  neutralizer  shows: 

a. The  dynamic  neutralizer  within  the   range   of 
generator voltage   (0-60  kilovolts)   and  probe   size   (2   to  4   feet) 
used   in   the  present   program reduces   the  electrostatic   energy 
of  the   H-37  aircraft   down   to  a minimum value  of  3.4 millijoules 
under   the natural  charging conditions   prevailing at  Edwards 
Air  Force  Base   (2-4 microamperes).     This  value   is   larger 
than   the maximum energy   level  considered  satisfactory  accord- 
ing  to References   1  and  3. 

b. The  performance  of  the   dynamic  neutralizer 
depends  on  three  different   factors: 

(1) The  operating voltage 
(2) The  air  speed  at   the  corona  point 
(3) The  probe  geometry  and  its   location 

relative  to the aircraft  geometry. 
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This   conclusion   agrees   with  the   theory   and  with   the   findings 
reported   in   Reference   1. 

c. As   seen   from  Figure   17,    the   system  per- 
formance,   using  tail-mounted  corona   points,   improves   steadily 
when   the   corona   points   are   placed   at   greater   distances   from 
the   helicopter   skin.      It   is   also  noted   that   this   trend   is 
different   for   the   exhaust-mounted   probes. 

This   fact  may   be   explained   by   noting   that, 
with   the   tail   corona   points,   the  air   speed   does   not   change 
appreciably  as   a   function   of   the   length   of   the   probe.      Hence, 
the   only   factor  which   determines   performance   changes   is   the 
smaller   influence   of   the   aircraft   field   on   the   longest   corona 
point,   which   results   in   larger   differential   currents   between 
the   positive   and   negative   corona   points. 

On   the   contrary,   in   the   exhaust   installation, 
the   increased   separation   is   overcompensated   by   the   decrease 
in   air   speed  due   to   the   exhaust   gas   stream  expansion.     This 
explains  why   the   exhaust   configuration   possesses   an   optimum 
performance   for  a   probe   of  about   3-foot   length. 

d. An   extrapolation   is   carried  out   to  determine 
the   possible   performance   of  the   dynamic   neutralizer   under 
higher  voltages  and  with   longer   probes.      Referring   tirst   to 
Figure   17,   the   points   PI   and  P2   are   obtained  extrapolating 
the   probe   length  up   to   5   feet.      Next,   PI   and   P2  are   trans- 
ferred   to  Figure   10.      Extrapolating  now   further   the   curve 
T5   so   obtained,   up   to   an   operating  voltage   of  bO   kilovolts, 
it   is   estimated  that   an   bO-kilovolt   system,   using  5-foot-long 
corona   points,   would   reduce   the   helicopter   voltage   to  a   value 
below   1   kilovolt.     This   voltage   corresponds   to  an   energy   level 
of   0.375  millijoule,   which   falls  within   the   limit   of   satisfac- 
tory   operation.      It   should   be  noted,   however,   that   these   data 
were   obtained   for   the   range  of   natural   charging  current   exist- 
ing  at   the   test   site. 

e. The   effect  of   the   natural   charging  current 
on   the   sensitivity   of   the  dynamic  neutralizer  has   not   been 
investigated   in   the   present   program.      Natural   charging  current 
levels   ranging   from   2   to   5  microamperes   were   encountered   and 
recorded  as   shown   in  Table   5.     However,   the  data  obtained   do 
not   lend   themselves   to   determining  the   effect   of   the  magnitude 
of   natural  charging  current   on   the   performance   of   the   dynamic 
neutralizer.     This   fact   may  be   explained   as   being  due   to   the 
relatively   small  magnitude   of  all  natural   charging  currents 
recorded   in   relation  with   the  corona   point   current   obtained 
during  the   testing. 
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APPENDIX I 

CORONA POINT PROBE DESIGN 
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